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BACKGROUND:  Women  serving  in  the  US  military  have  some  unique  occupational  exposures,  including  ex¬ 
posure  to  vaccinations  that  are  rarely  required  in  civilian  professions.  When  vaccinations  are  inadvertently 
given  during  pregnancy,  such  exposures  raise  special  concerns.  These  analyses  address  health  outcomes, 
particularly  preterm  births  and  birth  defects,  among  infants  who  appear  to  have  been  exposed  to  maternal 
smallpox  vaccination  in  pregnancy.  METHODS:  This  retrospective  cohort  study  included  31,420  infants  bom 
to  active-duty  military  women  during  2003-2004.  We  used  Department  of  Defense  databases  to  define  mater¬ 
nal  vaccination  and  infant  health  outcomes.  Multivariable  regression  models  were  developed  to  describe 

“/‘teriial  smallpox  vaccination  and  preterm  births  and  birth  defects  in  liveborn  infants. 
KESULfS:  there  were  7,735  infants  identified  as  born  to  women  ever  vaccinated  against  smallpox,  and  672 

mfants  born  to  women  vaccinated  in  the  first  trimester  of  pregnancy.  In  multivariable  modeling,  maternal 
smallpox  vaccination  in  pregnancy  was  not  associated  with  preterm  or  extreme  preterm  delivery.  Maternal 
smallpox  vaccination  in  the  first  trimester  of  pregnancy  was  not  significantly  associated  with  overall  birth 
defects  (OR  1.40;  95%  Cl:  0.94,  2.07),  or  any  of  seven  specific  defects  individually  modeled.  CONCLUSIONS: 
Results  may  be  reassuring  that  smallpox  vaccine,  when  inadvertently  administered  to  pregnant  women,  is 
not  associated  with  preterm  delivery  or  birth  defects  in  liveborn  infants.  Birth  Defects  Research  (Part' A) 
82:533-539,  2008.  ©  2008  Wiley-Liss,  Inc.^ 

Key  words:  smallpox  vaccine;  vaccinia;  maternal  exposures;  birth  defects;  preterm  birth 


INTRODUCTION 

Maternal  exposures  during  pregnancy  have  been 
reported  to  increase  the  risk  of  adverse  reproductive  out¬ 
comes  such  as  preterm  birth  and  birth  defects  (Brent, 
2004;  Gofhnet,  2005;  Friedman  and  Polifka,  2000;  Scalli 


et  al.,  1995;  Shepard,  1995).  As  the  proportion  of  women 
serving  in  the  US  military  increases,  there  are  heightened 
concerns  about  the  impact  that  military-unique  exposures 
might  have  on  reproductive  outcomes  (Fox  et  aL,  1977; 
ASD/HA,  1999).  The  implementation  of  the  National 
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Smallpox  Vaccination  Program  by  the  United  States  gov¬ 
ernment  in  early  2003  introduced  a  unique  exposure  to  a 
large  group  of  reproductive-aged  military  women  (US 
Department  of  Health  and  Human  Services,  2003). 
Although  detailed  documentation  of  the  vaccine's  short¬ 
term  adverse  health  effects  exists  (Fox  et  al,  1977;  Fenner 
et  al,  1988;  Rotz  et  al,  2001;  Cono  et  al,  2003),  the  impact 
that  maternal  smallpox  vaccination  has  on  infant  health 
is  less  well  understood.  Understanding  such  effects  is  im¬ 
portant  for  clinicians  caring  for  women  inadvertently 
vaccinated  during  pregnancy  (Napolitano  et  al.,  2004). 

Preterm  birth  is  a  frequent  cause  of  infant  death  in  the 
United  States  (Callaghan  et  al.,  2006),  and  can  result  in 
long-term  health  problems  in  the  surviving  child  (Reedy, 

2007) .  While  the  rate  of  preterm  delivery  among  military 
women  is  relatively  low,  some  military  occupational 
exposures,  including  prolonged  standing,  have  been  impli¬ 
cated  as  risk  factors  for  preterm  birth  (Hatch  et  al.,  2006; 
Magann  et  al.,  2005).  One  recent  report  suggested  that 
maternal  vaccination  during  pregnancy  is  a  potential  risk 
factor  for  preterm  birth  (Orozova-Bekkevold  et  al.,  2007); 
this  finding  was  not  associated  with  any  specific  vaccine 
and  was  subject  to  important  limitations.  Other,  more  au¬ 
thoritative,  reviews  do  not  support  such  a  general  associa¬ 
tion  between  maternal  vaccination  and  preterm  delivery 
(Brent,  2006;  Munoz  et  al.,  2005;  Suzano  et  al,  2006).  While 
smallpox  (variola  virus)  infection  during  pregnancy  is 
known  to  raise  the  rate  of  preterm  birth  (Nishiura,  2006), 
the  impact  of  smallpox  vaccine  (vaccinia  virus)  on  preg¬ 
nancy  outcomes  remains  largely  unexplored. 

Although  the  majority  of  birth  defects  have  no  known 
cause  (Brent,  2004;  Kalter  and  Warkany,  1983),  some 
argue  that  receipt  of  a  live  virus  vaccine  during  preg¬ 
nancy  might  cause  birth  defects  (Harley  and  Gillespie, 
1972;  Hanshaw  and  Dudgeon,  1978).  Further,  one  report 
has  suggested  an  association  between  smallpox  vaccina¬ 
tion  in  pregnancy  and  dub  foot  malformations  (Naderi, 
1975).  The  biologic  plausibility  of  such  an  association  has 
been  questioned,  and  the  finding  has  not  been  repro¬ 
duced  in  other  epidemiologic  studies  (Cono  et  al.,  2003; 
Greenberg  et  al.,  1949).  Further  research  may  be  helpful 
in  reconciling  conflicting  reports  on  such  rare  outcomes. 

There  is  a  paucity  of  research  concerning  smallpox  vac¬ 
cine  and  reproductive  health  outcomes.  Military-unique 
exposures,  includiug  deployments  to  wars,  often  cause  great 
concern  and  resource-intensive  research  to  address  such 
concerns  about  birth  defects  among  the  chOdren  of  military 
members  (Erickson  et  al.,  1984;  Aschengrau  and  Monson, 
1990;  Briggs,  1995;  Moehringer,  1995;  Cowan  et  al.,  1997; 
Kang  et  al.,  2(X)0;  Araneta  et  al.,  2003;  Wells  et  al,  2006b; 
Doyle  et  al.,  2(X]6).  The  purpose  of  the  present  study  was  to 
examine  the  relationship  between  smallpox  vaccination  and 
preterm  births,  as  well  as  smallpox  vaccination  and  birth 
defects,  among  infants  bom  to  active-duty  military  women. 
This  study  complements  the  work  of  the  National  SmaQpox 
Vacdne  in  Pregnancy  Registry  (CDC,  2(X)3;  Ryan  et  al, 

2008)  by  evaluating  a  larger  population  of  pregnancies 
resulting  in  live  births,  using  electronic  surveillance  data. 

METHODS 

Population 

Nearly  100,000  infants  are  bom  to  US  military  families 
each  year.  Among  these  infants,  37%  are  born  to  Army 


members,  25%  to  Air  Force  members,  26%  to  Navy  mem¬ 
bers,  and  12%  to  members  of  the  Marine  Corps.  Most 
infants  are  born  to  civilian  wives  of  male  service  mem¬ 
bers;  18%  of  infants  are  born  to  active-duty  women.  US 
military  births  occur  in  ail  50  states,  in  the  District  of  Co¬ 
lumbia,  and  in  more  than  20  foreign  countries.  The 
cohort  for  these  analyses  included  all  infants  born  to 
active-duty  military  women  in  the  calendar  years  2003 
and  2004;  a  total  of  35,501  infants  potentially  met  these 
criteria.  There  were  159  infants  with  incomplete  demo¬ 
graphic  information  and  3,922  infants  with  inconsistent 
identifying  information  that  made  distinction  from  their 
siblings  uncertain.  A  final  cohort  of  31,420  infants  was 
included  in  analyses. 

Data  Sources 

Data  were  obtained  from  multiple  sources  to  capture 
all  birth  and  health  outcomes  in  the  first  year  of  life  for 
infants  bom  to  military  women  in  calendar  years  2003 
and  2004.  Diagnostic  International  Classification  of  Diseases, 
9th  Revision,  Clinical  Modification  (1CD-9-CM)  data  were 
obtained  by  accessing  electronic  hospitalization  and  out¬ 
patient  care  records  from  all  military  and  civilian  facili¬ 
ties  that  provided  care  to  members  under  the  military 
healthcare  system  (Ryan  et  al,  2001).  These  records 
define  birth  defect  diagnoses  as  well  as  diagnoses  related 
to  all  coded  medical  care  from  birth  to  12  months  of  age. 
Care  that  is  outsourced  from  the  military  to  civilian  facili- 
hes,  or  otherwise  billable  to  the  military  insurance  sys¬ 
tem,  is  included  in  the  accessed  databases. 

Military  personnel  systems  were  used  to  assess  demo¬ 
graphic  and  occupational  history  of  parents.  Variables 
obtained  included:  maternal  race /ethnicity,  date  of  birth, 
marital  status,  service  branch,  pay  grade,  and  military 
occupation.  Smallpox  vaccination  dates  were  determined 
through  electronic  vaccination  records. 

Outcomes 

Estimated  gestational  age  (EGA)  was  defined  using 
ICD-9-CM  codes.  Preterm  births  were  defined  by  ICD-9- 
CM  765.2x  codes,  with  the  maximum  end  of  each  range 
assigned  as  the  infant's  EGA  at  birth.  For  example,  ICD- 
9-CM  code  765.28  implies  an  EGA  of  35-36  weeks;  if  this 
code  was  applied,  the  infant  was  assumed  to  be  36  weeks 
EGA  at  birth.  If  more  than  one  five-digit  code  existed  for 
a  single  infant,  the  most  recently  assigned  code  was 
used.  If  code  765.29  was  assigned,  40  weeks  EGA  was 
assumed.  If  a  765. 2x  code  was  not  assigned,  then  765. Ox 
and  765. lx  codes  were  used  to  define  EGA  at  birth. 
Infants  assigned  765.0x  were  assumed  to  have  reached  28 
weeks  EGA,  and  infants  assigned  765. lx  were  assumed 
to  have  reached  36  weeks  EGA.  In  the  absence  of  the 
aforementioned  codes,  40  weeks  EGA  was  assumed. 

Infants  bom  to  mothers  vaccinated  after  28  weeks  EGA 
were  excluded  from  the  analyses  of  preterm  delivery, 
because  these  infants  would  not  have  had  the  opportu¬ 
nity  to  be  bom  as  extremely  premature  after  exposure  to 
the  vaccine.  Additionally,  multiple  births  were  excluded 
from  this  portion  of  the  analysis,  because  multiple  gesta¬ 
tion  itself  would  confound  the  evaluation  of  preterm 
delivery. 

Major  birth  defects  were  defined  by  the  case  definitions 
of  the  National  Birth  Defects  Prevention  Network  (Sever, 
2004),  which  include  specific  ICD-9-CM  four-  and  five- 
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digit  codes  between  740.x  and  760.x.  Cases  of  atrial  septal 
defect  (745, 5x)  and  patent  ductus  arteriosus  (747. Ox)  in 
preterm  infants  were  not  coded  as  birth  defects^  in  ac¬ 
cordance  with  Metropolitan  Atlanta  Congenital  Defects 
Program  guidelines  (Correa-Viliasenor  et  al.,  2003).  In 
addition  to  these  standard  definitions  of  major  birth 
defects,  the  code  for  club  foot  (754. 7x)  was  added  to  sep¬ 
arate  analyses  of  specific  defects,  based  on  concerns  from 
a  prior  report  (Naderi,  1975).  All  healthcare  utilization 
records  up  to  12  months  after  birth  were  assessed  to  cap¬ 
ture  all  birth  defects  diagnosed  in  infancy.  All  diagnoses 
coded  in  inpatient  records  were  considered  valid.  Diag¬ 
noses  coded  in  outpatient  records  alone  were  required  to 
appear  on  more  than  a  single  encounter  to  be  considered 
valid.  These  validation  criteria  were  developed  based  on 
reviews  of  original  medical  records  within  the  military 
surveillance  system  (Ryan  et  aL,  2001),  as  well  as  results 
of  a  validation  review  of  cases  in  the  Smallpox  Vaccine 
in  Pregnancy  Registry  (Ryan  et  al.,  2008). 

Statistical  Analyses 

Analyses  included  descriptive  investigations  of  demo¬ 
graphic  and  occupational  characteristics  stratified  by 
maternal  smallpox  vaccination  status.  Preliminary  univar¬ 
iate  analyses,  including  chi-square  and  t  tests,  were  per¬ 
formed  to  assess  the  significance  of  associations  between 
the  outcomes  of  interest  and  exposure.  An  exploratory 
model  analysis  was  completed  to  assess  regression  diag¬ 
nostics,  significant  associations,  colinearity,  and  possible 
confounding,  while  simultaneously  adjusting  for  all  other 
variables  in  the  model.  Evaluation  of  gestational  age  at 
birth  as  a  polychotomous  outcome  was  conducted  using 
three  levels:  extreme  preterm  birth  (<28  weeks  EGA), 
preterm  birth  (28-36  weeks  EGA),  and  full-term  birth 
(>36  weeks  EGA). 

Multivariable  logistic  regression  models  were  used  to 
estimate  the  adjusted  ORs  and  95%  CIs  of  birth  defects 
among  infants  with  the  exposure  of  concern.  The  models 
used  generalized  estimating  equations  to  account  for  cor¬ 
related  outcomes  among  miTitiple  births  (Liang  and 
Zeger,  1986);  such  births  included  siblings  from  different 
pregnancies  as  well  as  twins.  For  the  rare  outcomes  of 
specific  birth  defects,  the  OR  was  estimated  using  exact 
logistic  regression.  A  statistical  correction  for  multiple 
comparisons  was  also  applied  to  the  analyses  of  specific 
defects.  When  available,  models  were  adjusted  for  multi¬ 
ple  birth,  infant  gender,  maternal  age,  maternal  race/eth¬ 
nicity,  maternal  marital  status,  maternal  branch  of  serv¬ 
ice,  maternal  pay  grade,  and  maternal  military  occupa¬ 
tion.  Military  demographic  variables  were  selected  to 
represent  some  measure  of  socioeconomic  status.  Varia¬ 
bles  were  included  in  modeling  based  on  potential  con¬ 
founding  due  to  past  reported  associations  with  birth 
defects  (Yang  et  al.,  2008).  ORs  were  considered  to  ap¬ 
proximate  risk  ratios  and,  in  all  models,  risk  ratios  were 
similarly  calculated  to  ensure  that  point  estimates  of 
association  and  statistical  significance  were  not  changed. 
All  statistical  analyses  were  performed  using  SAS  soft¬ 
ware  (Version  9.1.3;  SAS  Institute,  Inc.,  Cary,  NC). 

The  primary  analysis  of  birth  defects  examined  infants 
bom  to  mothers  vaccinated  against  smallpox  in  the  first 
trimester  compared  to  infants  bom  to  mothers  vaccinated 
outside  of  the  first  trimester.  Current  Centers  for  Disease 
Control  and  Prevention  guidelines  recommend  that 


women  avoid  becoming  pregnant  for  4  weeks  (28  days) 
following  receipt  of  the  smallpox  vaccine  to  ensure  viral 
shedding  is  complete  prior  to  conception  (Wharton  et  ak, 
2003).  Using  the  definitions  of  EGA  defined  previously, 
the  exposure  window  for  first  trimester  vaccination 
began  4  weeks  prior  to  the  first  day  of  EGA  of  pregnancy 
and  ended  at  13  weeks  EGA.  Referent  groups  for  the  pri¬ 
mary  models  included  women  vaccinated  outside  the 
first  trimester  of  pregnancy,  rather  than  never-vaccinated 
women.  This  was  applied  due  to  concerns  that  never-vac¬ 
cinated  women  might  be  less  comparable,  perhaps  less 
healthy,  because  they  were  waived  from  being  ready  for 
military  deployment  (Sato  et  ak,  2002;  Wells  et  ak,  2006a). 
Alternative  models  were  evaluated,  defining  the  referent 
population  as  infants  born  to  women  vaccinated  post¬ 
pregnancy  or  infants  bom  to  never-vaccinated  women. 

RESULTS 

Among  31,420  infants  bom  to  military  women  during 
2003-2004,  a  total  of  672  infants  appeared  to  be  bom  to 
women  who  received  smallpox  vaccine  during  the  first  tri¬ 
mester  of  pregnancy  (Table  1).  There  were  7,063  infants 
bom  to  women  who  received  smallpox  vaccine  outside  of 
the  first  trimester;  210  of  these  infants  appeared  exposed  to 
maternal  vaccine  in  late  pregnancy,  2,782  infants'  mothers 
were  vaccinated  before  pregnancy,  and  4,071  infants' 
mothers  were  vaccinated  only  after  giving  birth.  There 
were  23,685  infants  bom  to  military  women  in  2003-2004 
who  had  no  record  of  ever  receiving  smallpox  vaccine. 

Table  1  describes  birth  characteristics  and  maternal  de¬ 
mographic  characteristics  for  aU  infants  bom  to  military 
women  in  2003-2004.  No  increased  proportional  differen¬ 
ces  were  observed  between  infants  exposed  to  maternal 
smallpox  vaccination  and  plurality  (singleton  or  multi¬ 
ple),  or  between  infants  exposed  to  maternal  smallpox 
vaccination  and  infant  gender.  Never-vaccinated  mothers 
differed  slightly,  but  significantly  (p  <  .05),  from  vacci¬ 
nated  mothers  in  that  never-vaccinated  women  tended  to 
be  older,  of  white  race/ethnicity,  married,  serving  in  the 
Air  Force  or  Navy,  and  of  officer  rank. 

More  than  90%  of  all  singleton  infants  appeared  to  be 
bom  full  term.  For  models  of  gestational  age  at  delivery, 
1,845  infants  were  considered  preterm  (374  defined  as 
preterm  by  ICD-9-CM  code  765.1x  and  1,471  defined  by 
ICD-9-CM  code  765,2x  on  gestational  age),  and  226 
infants  were  considered  extremely  preterm  (76  defined  as 
extremely  preterm  by  ICD-9-CM  code  765.0x  and  150 
defined  by  ICD-9-CM  code  765.2x  on  gestational  age). 
Maternal  smallpox  vaccination  was  not  associated  with 
preterm  delivery  (OR  1.19;  95%  Cl:  0.89,  1.58)  or  extreme 
preterm  delivery  ^R  0.84;  95%  Cl:  0.33,  2.14)  in  the  pri¬ 
mary  model.  Likewise,  in  models  with  alternative  refer¬ 
ent  groups,  maternal  vaccination  in  pregnancy  was  not 
associated  with  preterm  or  extreme  preterm  delivery. 
Detailed  results  are  shown  in  Table  2. 

Thirty  infants  (4.5%)  exposed  to  maternal  smallpox 
vaccine  in  the  first  trimester  had  at  least  one  major  birth 
defect  defined  by  ICD-9-CM  coding  in  the  first  year  of 
life.  Birth  defects  occurred  among  3.7%  of  infants  bom  to 
women  vaccinated  prepregnancy,  and  3.2%  of  infants 
bom  to  women  vaccinated  postpregnancy.  Using  multi- 
variable  logistic  regression,  adjusting  for  infant  plurality, 
infant  gender,  maternal  age,  maternal  race /ethnicity, 
maternal  marital  status,  maternal  service  branch,  pay 
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Table  1 

Characteristics  of  Infants  Bom  to  US  Military  Women  in  2003-2004,  by  Maternal  Smallpox  Vaccination  Status 


Maternal  vaccination 


2nd  or  3rd 

Never  vaccinated  Frepregnancy _ 1st  trimester _ trimester _ Postpregnancy 


n 

(%) 

n 

(%) 

n 

(%) 

n 

(%) 

n 

(%) 

n 

Total 

23,685 

(100.0) 

2,782 

(100.0) 

672 

(100.0) 

210 

(100.0) 

4,071 

(100.0) 

31,420 

Infants  with  birth  defects 

No  22,818 

(96.3) 

2,680 

(96.3) 

642 

(95.5) 

200 

(95.2) 

3,941 

(96.8) 

30,281 

Yes 

867 

(3.7) 

102 

(3.7) 

30 

(4.5) 

10 

(4.8) 

130 

(3.2) 

1,139 

Gestational  age 

Full-term 

22,016 

(93.0) 

2,541 

(91.3) 

621 

(92.4) 

195 

(92.9) 

3,808 

(93.5) 

29,181 

Preterm 

1,486 

(6.3) 

218 

(7.8) 

48 

(7.1) 

13 

(6.2) 

234 

(5.7) 

1,999 

Extreme  preterm 

183 

(0.8) 

23 

(0.8) 

3 

(0.4) 

2 

(1.0) 

29 

(0.7) 

240 

Infant  plurality 

Singleton 

23,441 

(99.0) 

2,742 

(98.6) 

672 

(100.0) 

210 

(100.0) 

4,025 

(98,9) 

31,090 

Multiple 

244 

(1.0) 

40 

(1,4) 

0 

0 

0 

0 

46 

(1.1) 

330 

Infant  gender 

Female 

11,645 

(49.2) 

1,356 

(48.7) 

335 

(49.9) 

110 

(52.4) 

1,977 

(48,6) 

15,423 

Male 

12,040 

(50.8) 

1,426 

(51.3) 

337 

(50.1) 

100 

(47.6) 

2,094 

(51.4) 

15,997 

Maternal  age 

Younger  than  35 

21,907 

(92.5) 

2,634 

(94.7) 

650 

(96.7) 

207 

(98.6) 

3,874 

(95.2) 

29,272 

35  and  older 

1,778 

(7.5) 

148 

(5.3) 

22 

(3.3) 

3 

(1.4) 

197 

(4.8) 

2,148 

Maternal  race /ethnicity 

White 

11,890 

(50.2) 

1,317 

(47.3) 

315 

(46.9) 

116 

(55.2) 

1,698 

(41.7) 

15,336 

Black 

7,237 

(30.6) 

895 

(32.2) 

209 

(31.1) 

56 

(26.7) 

1,520 

(37.3) 

9,917 

Hispanic 

2,592 

(10.9) 

362 

(13.0) 

97 

(14.4) 

23 

(11.0) 

489 

(12.0) 

3,563 

Asian 

1,011 

(4.3) 

108 

(3.9) 

24 

(3.6) 

9 

(4.3) 

200 

(4.9) 

1,352 

Other  /  unknown 

955 

(4.0) 

100 

(3.6) 

27 

(4.0) 

6 

(2.9) 

164 

(4.0) 

1252 

Maternal  marital  status 

Married 

16,435 

(69.4) 

1,696 

(61.0) 

352 

(52.4) 

148 

(70.5) 

2,656 

(65.2) 

21,287 

Unmarried 

7,250 

(30.6) 

1,086 

(39.0) 

320 

(47.6) 

62 

(29.5) 

1,415 

(34.8) 

10,133 

Maternal  branch  of  service 

Army  7,055 

(29.8) 

1,301 

(46.8) 

388 

(57.7) 

97 

(46.2) 

1,626 

(39.9) 

10,467 

Navy 

7,631 

(32.2) 

649 

(23.3) 

88 

(13.1) 

53 

(25.2) 

659 

(16.2) 

9,080 

Air  Force 

7,448 

(31.4) 

718 

(25.8) 

155 

(23.1) 

16 

(7.6) 

1,571 

(38.6) 

9,908 

Marine  Corps 

1,551 

(6.5) 

114 

(4.1) 

41 

(6.1) 

44 

(21.0) 

215 

(5.3) 

1,965 

Maternal  pay  grade 

Enlisted 

20,702 

(87.4) 

2,517 

(90.5) 

625 

(93.0) 

194 

(92.4) 

3,751 

(92.1) 

2/,/89 

Officer 

2,983 

(12.6) 

265 

(9.5) 

47 

(7.0) 

16 

(7.6) 

320 

(7.9) 

3,631 

Maternal  military  occupation 

All  other  17,654 

(74.5) 

2,026 

(72.8) 

512 

(76.2) 

140 

(66.7) 

3,301 

(81.1) 

23,633 

Healthcare 

4,271 

(18.0) 

518 

(18.6) 

114 

(17.0) 

56 

(26.7) 

490 

(12.0) 

5,449 

Combat 

1,760 

(7.4) 

238 

(8.6) 

46 

(6.8) 

14 

(6.7) 

280 

(6.9) 

2,338 

grade,  and  occupation,  maternal  smallpox  vaccination 
during  the  first  trimester  of  pregnancy  was  associated 
with  an  OR  of  1.40  for  infants  having  at  least  one  major 
birth  defect  when  compared  to  those  vaccinated  outside 
of  the  first  trimester  (95%  Cl:  0.94,  2.07)  (Table  3).  This 
finding  was  not  statistically  significant  at  a  =  .05. 

In  alternative  models,  infants  bom  to  women  vacci¬ 
nated  only  postpregnancy  and  infants  bom  to  never-vac¬ 
cinated  women  were  considered  the  referent  groups. 
Infants  bom  to  women  in  other  vaccinated  groups  were 
compared  to  these  referent  groups,  and  adjusted  odds  of 
birth  defects  are  shown  in  Table  3.  No  statistically  signifi¬ 
cant  associations  were  observed  between  maternal  small¬ 
pox  vaccination  and  birth  defects  in  Hvebom  infants. 

Specific  types  of  birth  defects  among  infants  exposed 
to  maternal  smallpox  vaccine  in  the  first  trimester  were 
compared  with  infants  bom  to  other  vaccinated  women. 
Multivariable  regression  analyses  were  performed  for 
each  defect  with  three  or  more  cases  in  both  the  exposed 
and  referent  groups,  and  for  club  foot  defects  (Table  4). 


No  statistically  significant  findings  were  observed  in 
these  analyses  when  models  were  adjusted  for  multiple 
comparisons.  If  adjustment  for  multiple  comparisons  was 
not  applied,  the  model  of  atrial  septal  defect  would  have 
a  statistically  significant  association  with  exposure  (OR 
2.62;  95%  Cl:  1.21,  5.68). 

Finally,  aU  multivariable  models  for  preterm  delivery 
and  birth  defects  were  compared  to  unadjusted  models. 
Cmde  ORs  did  not  differ  substantially  from  adjusted 
ORs,  and  indications  of  statistical  significance  did  not 
change  in  any  model  (detailed  results  not  shown).  Addi¬ 
tionally,  when  infants  with  missing  or  inconsistent  demo¬ 
graphic  information  were  included  m  analyses,  overall 
measures  of  association  between  the  exposure  and  out¬ 
comes  were  unchanged. 

DISCUSSION 

Selected  health  outcomes  were  examined  among 
infants  bom  in  2003  and  2004  to  military  women  who 
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Table  2 

Adjusted  ORs*  for  Preterm  and  Extreme  Preterm  Birth  among  Singleton  Infants  Bom  to  Women  Who  Received 
_ Smallpox  Vaccine  during  Pregnancy,  with  Alternative  Models 


Characteristic 

OR 

Preterm^ 

95%  Cl 

OR 

Extreme  preterm^ 

95%  Cl 

Primary  model 

Maternal  vaccination  pre-  or  postpregnancy  (reference) 

LOO 

— 

1.00 

_ 

Maternal  vaccination  during  pregnancy 

1.19 

(0.89,  1.58) 

0.84 

(0.33.  2.141 

Alternative  model  a 

Maternal  vaccination  postpregnancy  (reference) 

1.00 

_ 

1.00 

Maternal  vaccination  during  pregnancy 

1.35 

(0.99,  1.84) 

0.76 

(0.28.  2.06) 

Alternative  model  b 

No  maternal  vaccination  (reference) 

1.00 

_ 

1,00 

Maternal  vaccination  during  pregnancy 

1.32 

(1.00,  1.74) 

0.88 

(0.36,  2.17) 

Tolychotomous  logistic  regression  models  were  adjusted  for  the  following  variables:  infant  gender,  maternal  age,  maternal  race /eth¬ 
nicity,  maternal  marital  status,  maternal  branch  of  service,  maternal  pay  grade,  and  maternal  military  occupation. 

Extreme  preterm  defined  as  <28  weeks  EGA  at  birth.  Preterm  defined  as  28-36  weeks  EGA  at  birth.  The  reference  group  for  the  out¬ 
come  variable  of  these  polychotomous  logistic  regression  models  was  full-term  birth. 


received  smallpox  vaccine.  No  statistically  significant 
associations  were  observed  between  maternal  smallpox 
vaccination  and  preterm  birth  or  birth  defects.  Although 
a  small  increased  OR  for  overall  birth  defects  was 
observed  after  first  trimester  maternal  vaccination,  this 
finding  was  not  statistically  significant.  Additionally,  con¬ 
trary  to  earlier  suggestions  by  Naderi  (1975),  infants  bom 
to  women  who  received  smallpox  vaccine  in  pregnancy 
did  not  have  a  significantly  increased  risk  of  club  foot 
deformities.  Interpretation  of  any  analysis  of  specific 
defects  remains  challenging  due  to  very  small  numbers 
of  cases. 

This  study  served  as  a  complementary  analysis  to  eval¬ 
uations  from  the  National  Smallpox  Vaccine  in  Preg¬ 
nancy  Registry  (CDC,  2003;  Ryan  et  aL,  2008).  More  cases 
of  maternal  exposure  in  pregnancy  were  identified  in 
these  analyses  than  in  the  Registry,  This  is  not  imex- 
pected,  because  the  Registry  relies  on  provider  reporting 
to  capture  cases  and  these  analyses  leveraged  the  larger 
military  electronic  databases  to  capture  exposures. 
Among  the  infants  that  appeared  in  both  the  Registry 
and  these  analyses,  there  was  good  agreement  between 
EGA  dates  and  maternal  vaccination  dates,  as  well  as 


good  agreement  among  the  infant  outcomes  evaluated 
here.  An  important  feature  of  the  Registry,  despite  its 
lower  case  capture,  is  the  ability  to  evaluate  pregnancy 
losses.  Losses  are  clearly  critical  outcomes  in  the  spec¬ 
trum  of  reproductive  health,  yet  they  are  not  well  cap¬ 
tured  in  electronic  database  analyses.  The  Registry  also 
has  the  unique  value  of  potentially  identifying  any  cases 
of  fetal  vaccinia,  a  very  rare  but  previously  weU 
described  outcome  of  fetal  infection  from  the  vaccine  vi¬ 
ms  (Cono  et  aL,  2003;  Green  et  aL,  1966;  Harley  and  Gil¬ 
lespie,  1972). 

An  important  limitation  to  these  analyses  is  the  inabil¬ 
ity  to  evaluate  other  maternal  exposures  that  may  affect 
outcomes,  such  tobacco,  alcohol,  medications,  prolonged 
standing,  or  other  occupational  stressors.  These  expo¬ 
sures  may  all  be  more  common  in  later  recognized  preg¬ 
nancies  and  associated  with  the  outcomes  of  preterm 
delivery  and  birth  defects  (Carmichael  et  aL,  2002;  Gofh- 
net,  2005).  Importantly,  late  recognition  of  pregnancy 
may  also  be  a  fundamental  difference  between  cases  of 
inadvertent  vaccination  in  pregnancy  and  cases  of  vac¬ 
cine  deferral  until  after  pregnancy.  Because  the  inability 
to  adjust  for  such  factors  would  tend  to  artificially 


Table  3 

Adjusted  ORs*  for  Birth  Defects  among  Infants  Bom  to  Military  Women,  by  Maternal  Smallpox  Vaccination  Status 

2003-2004 


Referent  group  for  maternal  vaccination 


Primary  model 

Alternative  models 

Referent  group:  Vaccinated 
outside  of  T^  trimester 

Referent  group:  Vaccinated  Referent  group:  Never 

postpregnancy  vaccinated 

Exposure  groups 

1st  trimester 

1.40 

1st  trimester 

1.46 

1st  trimester 

1.24 

with  associated  OR 

vaccinated 

(0.94,  2.07) 

vaccinated 

(0.96,  2.23) 

vaccinated 

(0.85,  1.81) 

and  95%  Cl 

Pre-pregnancy 

1.15 

Pre-pregnancy 

1.01 

vaccinated 

(0.87,  1.52) 

vaccinated 

(0.82,  1.25) 

Late-pregnancy 

1.52 

Late-pregnancy 

1.30 

vaccinated 

(0.73,  3.15) 

vaccinated 

(0.68,  2.49) 

Post-pregnancy 

0.88 

vaccinated 

(0.73,  1.07) 

Ever- 

0.97 

vaccinated 

(0.84,  1.12) 

^Logistic  regression  models  were  adjusted  for  infant  plurality,  infant  gender,  maternal  age,  maternal  race /ethnicity,  maternal  marital 
status,  maternal  service  branch,  maternal  pay  grade,  and  maternal  military  occupation. 
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Table  4 

Occurrence  of  Selected  Birth  Defects  among  Infants  Bom  to  Military  Women  Who 
Received  Smallpox  Vaccine  in  the  First  Trimester  of  Pregnancy _ 


Unexposed  cases 
n  -  7,063 

Exposed 
cases  n  -  672 

Adjusted  ORs 
of  association'^ 

Specific  defect 

n 

% 

n 

o/ 

/o 

OR 

95%  Cl 

Atrial  septal  defect^ 

35 

(0.50) 

8 

(1.19) 

2.62 

(0.91,  7,56) 

Ventricular  septal  defect 

41 

(0,58) 

4 

(0.60) 

1-03 

(0.15,  3.61) 

Patent  ductus  arteriosus^ 

35 

(0.50) 

3 

(0.45) 

0.90 

(0.09,  3.86) 

Pulmonary  valve  atresia 
or  stenosis 

17 

(0.24) 

4 

(0.60) 

2-48 

(0.33,  16.51) 

Hypospadias 
or  epispadias^ 

38 

(0.54) 

3 

(0.45) 

0.97 

(0.09,  4.61) 

Congenital  hip  dislocation 

9 

(0.13) 

3 

(0.45) 

3.55 

(0.28,  38.66) 

Club  foot^ 

10 

(0.14) 

2 

(0.30) 

2.04 

(0.08,  13.80) 

“"The  referent  group  (unexposed)  includes  infants  bom  to  women  vaccinated  outside  the  first  tri¬ 
mester  of  pregnancy.  Logistic  regression  models  were  adjusted  for  infant  plurality^  infant  gender^ 
maternal  age^  maternal  race/ethnicity^  maternal  marital  status^  maternal  service  branchy  maternal 
pay  grade,  and  maternal  military  occupation,  when  available.  Confidence  limits  represent  correc¬ 
tion  for  multiple  comparisons, 

^Excluding  preterm  cases  of  atrial  septal  defect  and  patent  ductus  arteriosus. 

^Analysis  restricted  to  male  infants. 

^Adjusted  for  infant  gender  using  exact  logistic  methods. 


increase  any  observed  associations  in  this  study,  the  lack 
of  statistically  significant  findings  in  these  analyses  may 
be  even  more  reassuring. 

Additional  limitations  of  this  study  relate  to  reliance  on 
electronic  databases  for  both  maternal  and  infant  informa¬ 
tion,  Infant  medical  diagnoses  from  electronic  databases 
include  some  degree  of  miscoding,  and  validation  efforts 
cannot  completely  mitigate  this  challenge.  Similarly,  esti¬ 
mation  of  EGA  based  on  coding  of  birth  records  is  hkely  to 
introduce  some  degree  of  error.  Although  we  cannot  verify 
this  assumption,  errors  introduced  by  miscoding  in  infant 
and  birth  records  may  be  assumed  to  be  nondifferential 
with  regard  to  maternal  vaccination  status. 

Despite  limitations,  this  study  is  the  first  in  more  than 
50  years  to  examine  the  specific  birth  outcomes  of  pre¬ 
term  birth  and  birth  defects  in  a  large  group  of  infants 
exposed  to  smallpox  vaccine  in  utero.  One  strength  of  this 
study  is  related  to  access  to  databases  containing  all 
available  medical  diagnoses  during  the  first  year  of  life, 
allowing  for  nearly  complete  capture  of  birth  defect  diag¬ 
noses,  including  those  that  present  weeks  or  months  after 
delivery.  Leveraging  military  databases  for  demographic 
and  exposure  information  provides  consistent  measures 
that  eliWnate  the  potential  for  recall  bias.  Similarly,  the 
abfiity  to  access  extensive  demographic  information  from 
the  well-defined  military  population  allowed  adjustment 
for  many  potential  confounding  variables  in  statistical 
modeling.  Finally,  conclusions  may  be  strengthened  by 
their  consistency  across  models  that  applied  alternative 
referent  groups. 

The  United  States  Department  of  Defense  has  a  respon¬ 
sibility  to  monitor  and  protect  the  health  of  service  mem¬ 
bers  and  their  families.  The  enactment  of  a  compulsory 
smallpox  vaccination  policy  introduced  a  unique  occupa¬ 
tional  exposure  to  a  large  group  of  reproductive-aged 
service  members.  This  investigation  provides  critical  in¬ 
formation,  not  available  from  other  populations,  on  the 
effect  of  maternal  smallpox  vaccination  on  birth  defects 


and  preterm  birth  among  llvebom  infants.  Although 
results  are  reassuring  that  maternal  vaccination  is  not 
associated  with  these  adverse  outcomes,  evaluations  of 
the  full  spectrum  of  reproductive  health  outcomes  after 
smallpox  vaccination  should  continue. 
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